The ability of Diatomacious earth (DAE) in reducing the toxic effects of aflatoxin (AF) in broiler diet was evaluated. DAE was supplemented @ 400 and 800 mg kg -1 of feed along with 0.5 and 1 ppm of AF kg -1 of feed. Healthy unsexed day old broiler chicks (n=360) were assigned to 9 groups comprising of control and treatment groups. Feeding of AF resulted in significantly lower feed intake as well as body weight gain and increase in feed conversion ratio in comparison to the control groups. Supplementation of DAE in aflatoxin mixed diet significantly reduced the deleterious effects of AF on growth parameters. Feeding of AF alone caused significant decrease in serum levels of total proteins, albumin, triglycerides and cholesterol. However, significant increase was found in serum levels of AST, ALT, ALP, BUN and creatinine in AF fed broilers. Supplementation of DAE to the AF mixed feed ameliorated the adverse effect of AF on the serum biochemical values by causing increase in serum total proteins, albumin, triglycerides and cholesterol levels. In addition, a significant increase was recorded in AST, ALT, ALP, BUN and creatinine levels in DAE supplemented broilers. The study concluded that diatomaceous earth is an effective adsorbent to decrease the negative effects of aflatoxin in broiler chicken
INTRODUCTION
Aflatoxins (AF) are secondary metabolites produced predominantly by Aspergillus flavus and Aspergillus parasiticus (Huwig et al., 2001) .These toxins are worldwide in occurrence in feed and feed ingredients resulting in severe economic losses to poultry and livestock industries (Miller, 1995) . Many studies have shown the negative effects of aflatoxin in broiler chickens in relation to body weight gain, efficiency of feed utilization, poor performance and immune responses (Hamilton, 1984) .
These toxins also cause pathologic alteration in important organs such as liver, kidneys and lymphoid tissues (Dafalla et al, 1987) . The pathological lesions in broilers include hepatic lesions such as enlargement, paleness, hydropic degeneration and necrosis, bile duct hyperplasia and periportal fibrosis (Ledoux et al., 1999) . Furthermore, the transmission of AF and its metabolites from feed to animal edible tissues and products, such as liver and eggs (Bintvihok et al., 2002) have become particularly important as a potential hazard for human health.
Decontamination of feed from AF is a major task in the poultry industry. Producers and researchers desire to develop an effective de-contamination technology to deal with the feed-borne toxin (Leeson et al., 1995) . Approaches for decontamination include the physical, chemical and biological methods. A successful detoxification process must be economical and capable of eliminating all traces of toxin without leaving harmful residues and also should not impair the nutritional quality of the commodity (Parlat et al., 1999) . Adsorbents are preferred over most of the decontaminating agents. The major advantages of adsorbents include cost effectiveness, safety and easy administration through animal and poultry feeds. In the last two decades several studies have been performed using adsorbent materials for detoxifying AF in contaminated feed and feed stuffs viz. zeolite, bentonite (Rosa et al., 2001) , alumina-silicates (Scheideler et al., 1993) , Saccharomyces cerevisiae (Celik et al., 2001 ) and activated charcoal (Jindal et al., 1994) have been successfully used for detoxifying AFB 1 in contaminated feeds (Ramos et al., 1997) .
Lately, approaches to decontaminate or remediate the feed and feedstuffs have been proposed (Ledoux et al., 1999) with more emphasis on use of naturally occurring compounds/substances. Diatomite or diatomaceous earth (DAE) is a kind of clay that consists of 90 per cent silicon dioxide. It is fine-grained, biogenic siliceous sediment, and is available in large quantities at low cost (Kamigasa and Kato, 2000) . DAE consists essentially of amorphous silica derived from opalescent frustules of diatoms resulting in an inert dust, lightweight, highly porous, super-absorbent material and has a fine porous structure with low density (Wajima et al., 2006) . DAE is formed by milling of fossilized remains of phytoplankton (diatoms), composed of silicon dioxide, commonly used for the control of insects infesting stored products (Alves, 2006) . Gao et al. (2002) concluded that adding suitable levels of diatomaceous earth in swine diets may effectively decrease volatile sulfide associatedodor and pollution to the environment. Denli and Okan (2006) concluded that diatomite is not effective in reducing the detrimental effects of aflatoxin in broiler diets. However, Modirsanei et al. (2008) reported diatomaceous earth significantly increased body weight gain, feed intake, and feed conversion ratio as well as productive efficiency index, serum albumin, and the activity of serum LDH in the birds that were fed AFB 1 . Bennett et al. (2011) reported the effectiveness of DAE as a treatment to control parasites namely Capillaria, Eimeria and Heterakis species; and improvement in egg production in layer birds.
Considering the above beneficial properties of DAE, the present study was undertaken to evaluate the efficacy of DAE in ameliorating aflatoxicosis in broilers.
MATERIALS AND METHODS
The present study was carried out in the Department of Pathology, Veterinary College, Hebbal, Bangalore, Karnataka Veterinary, Animal and Fisheries Sciences University Bangalore, India Production and quantification of aflatoxin: Aspergilus parasiticus (MTCC-2796) culture was procured from Institute of Microbial Technology (IMTECH) Chandigarh, India and sub-cultured on potato dextrose agar. Aflatoxin was produced on the rice using Aspergillus parasiticus as per the method described by Shotwell et al. (1966) with some modifications. Briefly, polished rice (50 gm) was soaked overnight in water measuring approximately 40 per cent of the weight and was autoclaved (15 psi at 121°C) for 20 minutes and then cooled. It was then inoculated with spores of 7 days old culture of Aspergillus parasiticus, subcultured on potato dextrose agar (PDA), using inoculation loop. The inoculated rice flasks were incubated at the room temperature in dark place for 14 days with vigorous shaking three times a day, to break the mycelial mass. On 15 th day, the inoculated rice flasks were autoclaved (15 psi at 121°C for 20 minutes) to stop fungal growth. The fermented rice was dried in hot air oven (70 o C overnight), powdered and stored in dark place until further use. Aflatoxin content in dried rice sample was confirmed and quantified from Government Analytical Laboratory (AFAQCL), Namakkal, Tamil Nadu, India.
Experimental birds: Three hundred and sixty unsexed dayold healthy broiler chicks were procured from a reputed commercial hatchery and reared in battery cage system in experimental sheds with average temperature ranging from 27 to 31 o C and relative humidity of 59% to 62% with 16:8±I h L:D cycle of intensity of 10 to 20 lux. All chicks were vaccinated on days 7 and 11 of age with the Lasota strain of Newcastle disease virus and Infectious bursal disease (intermediate strain) respectively.
Optimum conditions of brooding and management was provided to the birds throughout the period of experiment. Toxin free and diatomaceous earth (DAE) free Starter and finisher broiler feed was procured from Department of Poultry Science, Veterinary College, Hebbal, Bangalore-24, India as recommended by the National Research Council. Required quantity of dried rice powder containing aflatoxin was added to make the final concentration of aflatoxin in feed to be 0.5 ppm and 1ppm. The birds were randomly divided into 9 groups, each comprising of 40 chicks. The different experimental group were as per the Table 1.
All the birds were checked daily for the health and husbandry conditions. All the sanitary and hygienic precautions were strictly followed throughout the experiment. Prior permission of the Institute Animal Ethical Committee (IAEC) was obtained before the conduct of experiment. The birds were observed daily for clinical signs and mortality (if any). Six birds selected randomly from each group were weighed individually and sacrificed on day 7, 14, 21, 28 and 35 th day post treatment and feed conversion ratio (FCR) was calculated. Daily fed intake was calculated forestimation of weekly fed conversion ratio (FCR). Acomplete record of the daily mortality (if any) was also maintained. 
Statistical analysis:
The experimental data collected was analysed using the General Linear models (GLM) procedure of software SPSS 16 of 2010 version. If appropriate, posthoc analyses were carried out using the Duncan's test for multiple comparisons (Duncan, 1955) . Statements of statistical significance are based on P < 0.05.
RESULTS AND DISCUSSION
The birds of Group I (Control) and Group II & III (DAE mixed in control feed) were healthy and did not show any clinical signs throughout the period of experiment.
Birds fed with diet containing aflatoxin (Group IV and V) exhibited clinical signs such as dullness, ruffled feathers, poor growth, in appetence and diarrhoea from day 7 th of the experiment, which persisted till the end of the experimentation.
The birds in co-treatment groups (VI to IX) fed with diet containing aflatoxin and DAE showed similar clinical signs of those recorded for the toxin alone fed birds (Group IV & V). However, the clinical manifestations were of reduced severity and were observed after 10-12 days of the experiment
The mean feed consumption and body weights among the birds of Group I, II, III showed non-significant difference throughout the experimental period. However, significant (Pd"0.05) reduction in the feed consumption and body weight was observed in the toxin fed birds (Group IV) from day 14 th and continued till the end of the experiment. In Group V (0.5 ppm of AF), a significant (Pd"0.05) reduction in feed consumption and body weight was observed from 21 st day onwards. In the co-treatment groups (VI to IX) , a significant (Pd"0.05) increase in the feed consumption and body weight was seen from 28 th day of experiment as compared to toxin fed birds of Group IV and V.
There was 44.87and 38.99 per cent reduction in the body weight recorded in birds fed with only toxin (Group IV and V) at the end of the fifth week as compared to control (Group I) birds. However, 11.94 and 15.99 per cent body weight gain was observed in birds supplemented with DAE to toxin fed birds (Group VI and VII respectively) at the end of experiment as compared to only toxin fed birds (Group IV and V). Further, 24.47 and 21.64 percent body weight gain was observed in birds supplemented with DAE to toxin fed birds (Group VII and IX respectively) at 35 days in comparison to the toxin fed birds ( Table 2 ).
The FCR values in Groups I, II and III were almost similar throughout the experiment. The FCR significantly (Pd"0.05) increased in toxin fed birds (Group IV and V) from second week onwards in comparison to control birds (Group I, II and III). The toxin fed birds had FCR value of 2.93 and 2.6 (Group IV and V respectively) while birds supplemented with diatomaceous earth and toxin mixed diet In the present study, the performance of the chicks was not affected by the addition of DAE alone in the diet (Group II and III) indicating the inert and non-toxic property of diatomaceous earth.
Decrease in feed consumption and body weight gain and increased FCR was recorded in the birds fed with diet containing AF in comparison with control group. These findings are in agreement with the results of earlier reports on aflatoxicosis in poultry (Modirsanei et al., 2008; Denli et al., 2009; Dhanapal et al., 2014) . Effects of AF on performance parameters can be attributed to decreased palatability of toxin mixed feed, anorexia, restlessness, reduced protein and lipid synthesis, impaired nutrient absorption and reduced pancreatic digestive enzymes (Swamy and Devegowda, 1998) .
The inclusion of DAE in toxin mixed feed improved the feed consumption, body weight gain and FCR of birds. The basic mechanism for protective effect of DAE against toxicity of aflatoxin appears to be sequestration of AF in the gastrointestinal tract, chemisorption of toxins to the absorbent followed by formation of Aflatoxin-DAE complex (similar to other absorbent such as hydrated sodium calcium aluminosilicate), which reduces the bioavailability of aflatoxin for absorption through the intestinal mucosa (Ledoux et al., 1999) .
Feeding of AF alone in the diet caused significant (P0.05) decrease in serum total protein, albumin, triglycerides and cholesterol levels. However, significant (P0.05) increase was observed in serum levels AST, ALT, ALP, BUN and creatinine (Table 3 , 4, 5, 6).
The incorporation of DAE in toxin mixed diet could improve the adverse effects of AF on the serum biochemical values as evident by increase in the total protein, albumin, cholesterol and triglycerides levels. However, there was decrease in the serum levels of AST, ALT, ALP, BUN and creatinine in the co-treatment groups of VI to IX (Table 3 , 4, 5, 6).
In the present study, significant (P0.05) derangement in serum biochemical parameters were recorded in AF fed birds. These findings corroborate with the previous studies on aflatoxicosis in broiler birds (Ledoux et al. 1999; Rosa et al. 2001; Dhanapal et al., 2014) .
Liver is considered as target organ for aflatoxicosis, where most aflatoxins are bioactivated to the reactive 8, 9-epoxide form, which is known to bind DNA and proteins causing damage to the hepatocytes followed by inflammatory changes leading to increase in liver weight (Shankaran et al, 1970) . Aflatoxin inhibits DNA dependent RNA polymerase The mean values bearing atleast one common superscript within columns does not differ significantly (P0.05) ALT-Alanine aminotransferase concentration, AST-Aspartate aminotransferase concentration, ALP-Alkaline phosphatase
The mean values bearing atleast one common superscript within columns does not differ significantly (P0.05) T.Protein-Total serum proteins and cause impairment of nuclear DNA template function resulting in inhibition of protein synthesis (Verma, 2004) . Serum levels of AST, ALT and ALP in aflatoxin fed birds were higher throughout the study, which could be attributed to seepage of enzymes due to hepatocyte membrane damage. Reduction in serum cholesterol and triglycerides levels in aflatoxicosis reflects impaired liver metabolism. Marked increase in serum levels of BUN and creatinine during induced aflatoxicosis in the present study reflects impaired renal function resultant to tubular damage (Shi et al., 2006) . The significantly higher BUN and creatinine levels indicate disturbed transportation function of epithelial cells in collecting tubules and diffuse impairment of proximal tubules function (Umar et al., 2012) . Further, the changes in blood urea nitrogen and creatinine could be secondary to necrotic changes in renal parenchyma (Valchev et al., 2014) .
In the combined treatment groups (VI to IX) fed with DAE and aflatoxin mixed feed showed marked improvement in serum biochemical parameters in comparison to aflatoxin alone fed birds. These findings were in agreement with Denli et al. (2009) , who reported that serum biochemical changes associated with AF contamination could be ameliorated by the supplementation of DAE to the aflatoxin fed birds. Shi et al. (2006) reported that a reduced growth rate and serum biochemical changes associated with AFB1 contamination (0.1 mg/kg) could be ameliorated by the supplementation of a modified montmorillonitenano composite (a compound comprising of DAE) at doses of 3 g/kg. Similarly, Bailey et al. (2006) reported that montmorillonite clay in broiler diets provided protection on growth performance, serum biochemistry, and the relative organ weights from over 4 mg of AFB 1 /kg diets. Contrary to our findings, limited or no protective effect of DAE on the growth performance and biochemical parameter in AF fed birds has also been reported earlier (Rosa et al, 2001; Denli and Okan, 2006; Modirsanei et al., 2008) .
These conflicting results are possibly due to the differences in the cationic compounds or chemical content of the adsorbents tested. Differences among studies could also be explained by different levels of adsorbents or the aflatoxin exposure dose tested. Similarly, in the present study, effective protection against the AF was obtained by incorporation of DAE at level of 800 mg/kg of AF mixed feed in comparison to the 400 mg of DAE /kg of AF mixed feed.
The available clay based adsorbent materials like DAE possesses varied specific chemical complexity and the effectiveness in sequestering different mycotoxins also differ. In addition, every mycotoxin differs at the level of functional group. The binding capacity of an adsorbent depends on its chemical and physical properties and its relation with the physical structure of the target mycotoxins. Thus, the physicochemical differences among the adsorbents used in the earlier studies could explain the higher or lower efficacy of binding to AF and other mycotoxins. However, the ability of the toxin binder to adsorb mycotoxins depends on other factors such as pH, molecular arrangement and its geographic region of origin (Vieira, 2003) .
Diatomaceous earth has a small mass (0.5-0.8 g/ cm 3 ), high porosity and high content of silicon, which are responsible for the high adsorption capacity (Whitlow, 2006) . DAE is a powerful natural adsorbent and which might effectively adsorb the toxins through its polar ends of the toxin (Gowda et al., 2008) . Natour and Yousef (1998) reported significantly higher in-vitro adsorption ability of DAE to aflatoxins, which is directly proportional to the number of diatom valves. In vitro study showed that DAE has high (94.71 %) ability to adsorb AF from the feed at pH 6.5 (Soleimani et al., 2011) . The normal pH of the chicken intestinal tract contents is 5.7-6.0 in the duodenum/jejunum, 6.3-6.4 in the ileum/rectum and finally up to pH 7.0 or higher in the caecum (Denbow, 2000) . Considering the correlation between the pH and ability of mycotoxin binder in in-vitro studies, a higher binding ability of DAE to the aflatoxins can be expected at the pH of 6-7 in the intestinal tract of chicken to reduce the absorption and systemic availability of this mycotoxin.
In the present study, the incorporation of DAE in the diet during the period of exposure to AF could prevent the toxic effects of aflatoxin. The protective effects of DAE might plausibly be due to its capability of specific chemisorption of AF in gastrointestinal tract, which reduces AF bioavailability for absorption and systemic circulation in broiler birds (Abdel-Wahhab et al., 1999) . Extrapolation of the data from the earlier reports in-vitro experiments as well as in-vivo studies and the present study warrants further studies employing the broader perspectives to determine whether lower level of DAE in broiler feed will be effective in controlling or preventing the occurrence aflatoxicosis in poultry.
CONCLUSION
Addition of diatomaceous earth to aflatoxin containing feed showed marked improvement in the growth performance and biochemical parameters. The protective effect of 800 mg of DAE Kg-1 feed was higher than that of 400 mg of DAE Kg-1 feed against the toxic effects of AF; and these improvements could be due to counter action of aflatoxicosis problem on the basis of higher binding ability leading to detoxification.
